Searching PAJ Seite 1 von 1 

PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 06-228607 
(43)Date of publication of application : 16.08.1994 

■ ....... : — „ — .... -_ , , , , — , , „ , 

(51)Int.CI. B22F 3/10 




(21 Application number : 05-018453 (71 Applicant : KAWASAKI STEEL CORP 

(22)Date of filing : 05.02.1 993 (72)Inventor : NISHIMURA KIMIHIRO 

OTSUBO HIROSHI 



(54) PRODUCTION OF SINTERED METALLIC PART BY INJECTION MOLDING OF METAL POWDER 

(57)Abstract: 

PURPOSE: To produce a sintered metallic part increased in strength, hardness, etc., and excellent in 
dimensional accuracy by mixing a resin in a metal powder as a binder, compacting the mixture, degreasing 
the compact under specified conditions and sintering the compact. 

CONSTITUTION: Thermoplastic resin such as PE as a binder, wax as a low-mol. wt. org. matter, etc., are 
"added to the powder of steel copper and other metals and alloys having <100|j,m grain diameter and mixed 
to produce an injection- molding green compound. The compound is molded into a desired shape by an 
injection-molding machine, and the compact is heated to about 300°C in a closed furnace contg. an inert 
gas or hydrogen atmosphere to volatilize off the low-mol.wt. component such as wax, and then heated to 
600-1 000°C to decompose the resin into hydrocarbons. The compact is carburized by the hydrocarbons 
to remove oxides and then sintered at 800-2000°C, and a sintered metallic part increased in strength and 
hardness and excellent in dimensional accuracy is produced. 
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(54) [Title of the invention] Method for producing sintered 
metal parts by injection moulding metal powder 

(57) [Abstract] 

[Aim] The provision of a method for producing sintered 
metal parts by injection moulding metal powder such that 
the sintered body has improved dimensional accuracy, where 
the C content after degreasing is adjusted as appropriate 
by performing some of the degreasing process at a 
temperature of from 600 2 C to 1000 2 C in a closed heated 
furnace . 

[Constitution] A method for producing sintered metal parts, 
where in a process for producing metal sintered parts by 
injection moulding metal powder, at least some of the 
degreasing process is performed at a temperature of from 
600 2 C to 1000 2 C, and at that time the heat treatment is 
performed in a closed heated furnace. 
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[Scope of the patent claim] 

[Claim 1] A method for producing sintered metal parts, 
characterised in that in a process for producing metal 
sintered parts by injection moulding metal powder, at least 
some of the degreasing process is performed at a 
temperature of from 6 00 2 C to 1000 2 C, and at that time the 
heat treatment is performed in a closed heated furnace. 
[Detailed description of the invention] 
[0001] 

[Field of industrial use] The present invention relates to 
a method for producing sintered metal parts by injection 
moulding metal powder. 

[0002] 

[Prior art] The injection moulding of metal powder is used 
as a method for mass-producing small, complex- shaped metal 
parts. In this method, first the starting materials - metal 
powder and binder - are mixed to form a starting material 
compound for injection moulding. This compound is 
thermoplastic, and can be formed into the desired shape 
using an injection moulder. This moulding process does not 
differ fundamentally from the moulding of plastic 
materials, and mass-moulding is possible. Next, unnecessary 
binder is removed from the resulting moulding. This process 
is referred to as degreasing. Known degreasing methods 
include methods whereby binder is vaporised off from or 
run-off from the moulding by heating, methods whereby the 
moulding is kept in a solvent such that the t binder is 
extracted, and combinations of these two methods; the 
degreasing method is chosen according to the type of 
binder. Finally, the degreased body is sintered to yield a 
metal part. 
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[0003] A special feature of the metal powder injection 
moulding method is that it allows the moulding of fine 
metal powders that result in a high sintering density. 
Conventionally, fine powder having an average particle 
diameter no greater than 10 jam is disadvantageous in that 
its fluidity is poor, and because of problems with galling 
of the mould, it is difficult to mould by pressing; with 
this method, however, it is easy to mould even fine powder, 
and moulding into 3 -dimensional complex .shapes is also 
possible. In view of these advantages, the metal powder 
injection moulding method has recently become more 
frequently employed, even in the production of stainless 
steel parts, and so forth, and it is also becoming widely 
used for magnetic materials and extra hard materials. 
[0004] The properties of sintered metal parts are greatly 
affected by the amount of carbon (C) they contain. For 
example, the strength and hardness of parts for mechanical 
construction comprising Fe-Ni and the like are governed 
largely by the C content, and the C content of stainless 
steel • affects its mechanical properties of course, but also 
its corrosion resistance. The same can also be said of the 
amount of oxygen (O) in the sintered body. Consequently 
there is demand for a technique for controlling the amounts 
of C and O as desired in sintered part production. With the 
metal powder injection moulding method, the amounts of C 
and 0 in the final sintered body depend on the amounts of C 
and O in the powder, the type of binder, the degr easing 
method, the sintering method and the shape of the part. 
Adjusting the amounts of C and 0 in the powder has of 
course been disclosed as a method for adjusting the C and O 
contents, and adding oxide (Japanese unexamined patent H2- 
57 607) has been disclosed as a method for adjusting the O 
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content. As for the C content, removing carbon by 
introducing hydrogen gas during degreasing (Japanese 
unexamined patent H3-45566) has been disclosed as a method 
for lowering the C content, and adding graphite to the 
starting material powder (Japanese unexamined patent H2- 
39402) has been disclosed as a method for when C is to be 
positively introduced, for example. 
[0005] 

[Problems to be resolved by the invention] However, adding 
graphite is disadvantageous in that it is difficult to mix 
graphite and metal powder uniformly and segregation occurs, 
and because graphite powder is flaky, it readily becomes 
oriented in the method [sic] of the flow of the starting 
material during injection moulding, which results in uneven 
shrinkage of the sintered body such that the dimensional 
accuracy of the sintered body is decreased. 

[0006] 

[Means of resolving the problems] In view of the above- 
mentioned problems, the present invention was realised by 
the discovery of a method for producing sintered metal 
parts, whereby dimensional accuracy can be improved by 
appropriately adjusting the C content of a sintered body 
produced by injection moulding metal powder. 

[0007] Specifically, the present invention provides a 
method for producing sintered metal parts, characterised in 
that in order to adjust the C content of the sintered body, 
some of the degreasing process is performed at a 
temperature of from 600 S C to 1000 2 C, and at that time the 
heat treatment is performed in a closed heated furnace. 
[0008] With the present invention, the desired amount of C 
can be added during the degreasing process and the C 
content of the sintered body can be controlled. 
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[0009] 

[Action] The present invention is described in more detail 
below. In the metal powder injection moulding method, 
starting material metal powder is mixed with organic 
binder, and the resulting starting material compound is 
moulded into the shape of the part by the injection 
moulding method. The binder is an auxiliary agent for 
moulding and must therefore be removed by the degr easing 
process. The binder usually contains thermoplastic resin, 
and the resin is removed by thermal decomposition at from 
300 to 500 2 C. The special feature of the present invention 
is that the degreasing process heat treatment during the 
resin decomposition is performed at a temperature of from 
600 2 C to 1000 2 C, and at that time the heat treatment is 
performed in a closed heated furnace. 

[0010] High molecular weight compounds such as 
thermoplastic resins decompose on heating to form low 
molecular weight gas (decomposition gas) . There are various 
decomposition mechanisms depending on the type of resin, 
and the decomposition gas produced on decomposition is 
thought to be essentially Ci - C 6 hydrocarbons. These 
hydrocarbons usually have a carburising effect on metal at 
high temperatures. With methane (CH 4 ) , for example, metal is 
carburised according to the reaction 
CH 4 - C + 2H 2 (equation 1) 

or C is present as free carbon on the surface of the metal. 
The reaction mechanism is similar for hydrocarbons 
containing more carbon atoms. Accordingly, if the 
temperature during degreasing is high enough for 
carburisation to occur, C may remain in the degreased body. 
Furthermore, in the conventional injection moulding 
degreasing process, degreasing is performed in the 
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temperature range necessary for resin decomposition, and it 
is usually performed in a flow of inert gas such as 
nitrogen, to quickly remove the decomposition gas. However, 
in the present invention, the aim is to use the 
decomposition gas positively as a source of carbon, and so 
it is important that the furnace is closed during 
degr easing . 

[0011] With the present invention, it is possible to 
increase the C content of the post- treatment degreased body 
so that it is greater than that of the starting material 
powder, and this increase in C content can be controlled by 
means of the heating temperature and treatment time 
employed during the heat treatment. Specifically, the 
higher the heating temperature, and the longer the 
treatment time, the greater the C content in the degreased 
body. The absolute value for the increase in C content 
depends on the powder steel type, the properties of the 
powder and the type of binder, but can always be controlled 
by means of temperature and treatment time. 

[0012] Furthermore, C can be distributed uniformly in the 
degreased body by means of the present invention. 
Accordingly, there is neither C segregation, which is a 
problem with the method whereby graphite is added, nor the 
above-mentioned non-uniform shrinkage . 

[0013] As described above, by performing some of the 
degreasing process at a temperature of from 600 2 C to 
1000 S C, and performing the heat treatment at that time in a 
closed heated furnace, the degreased body C content can be 
uniformly increased as desired, and in addition, a sintered 
body of excellent dimensional accuracy with no distortion 
can be produced. 
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[0014] The injection moulding used in the present invention 
contains metal powder and organic binder. 

[0015] Metal powders that can be used in the present 
invention are powders of iron, copper, titanium, tungsten, 
nickel, molybdenum and chromium, and powders of alloys such 
as stainless steel and Fe-Ni alloy . Or, to classify 
according to the method for producing the powder, they can 
be carbonyl powders, water-atomised powders, gas-atomised 
powders, pulverised powders and the like. Moreover, 
mixtures comprising 2 or more of these can be used. The 
powder particle size can be in the range of from 0.01 to 
1000 ym, although for compound fluidity and the sintering 
properties of the powder, it is preferable to use a powder 
having a particle size no greater than 100 ym. The particle 
size is more preferably from 0.1 to 50 ym. 

[0016] Examples of organic binder components that can be 
used in the present invention include thermoplastic resins, 
waxes, plasticisers and lubricants. The resin, as the main 
component of the binder, bestows elasticity to the starting 
material compound and affords moulding strength at room 
temperature. Known resin components include polyethylene, 
polypropylene, polystyrene, ethylene -vinyl acetate 

copolymer (EVA) , ethylene -ethyl acrylate copolymer ( EE A) , 
polymethacrylate alkyl ester and polyamide, and 1 of these, 
or combinations of 2 or more of these, can be used. 
[0017] An organic substance having a lower molecular weight 
than the resin, such as wax, plasticiser or the like, is 
added to improve the degreasing properties and fluidity. 
Paraffin wax, higher fatty acids, higher alcohols, higher 
fatty acid esters, higher fatty acid amides and phthalate 
esters such as diethyl phthalate and dibutyl phthalate are 
used as the component having a lower molecular weight than 
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the resin, and 1 of these, or combinations of 2 or more of 
these, can be used. The starting material compound for 
metal powder injection moulding is usually a mixture of 
metal powder and a plurality of organic substances such as 
resin, wax and plasticiser. 

[0018] The proportion of organic binder to metal powder is 
preferably from 3 to 20 parts by weight of organic binder 
per 100 parts by weight of metal powder. Less than 3 parts 
by weight of binder is insufficient with respect to the 
metal powder, such that the fluidity of the compound is 
poor and injection moulding becomes difficult. If there are 
more than 2 0 parts by weight, injection moulding is 
possible but shape retention during degreasing becomes 
impossible, and so the use of such amounts is undesirable. 
[0019] The compound for injection moulding is produced by 
mixing the metal powder and the organic binder. Mixers that 
can be used include the Henschel mixer, plast mill, 
pressure kneader, Banbury mixer, roll mill, single-screw 
mixer and twin-screw mixer, and the mixing may involve the 
use of a combination of 2 or more of these. 

[002 0] The mixed compound is pulverised or granulated to 
form the moulding material. A common injection moulder for 
thermoplastic plastics can be used as the injection 
moulder. The injection moulding is performed at an 
injection temperature of from 100 9 C to 250 2 C; however, if 
the injection temperature is too high, there is marked 
deterioration of the binder component, which alters the 
moulding properties and degreasing properties of the 
regenerated material, and so the injection temperature is 
preferably from 100 2 C to 180 e C. The degreasing is performed 
by heating in a degreasing furnace. 
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[0021] The degreasing process in the present invention 
comprises a pre- treatment process whereby low molecular 
weight components other than the resin are removed, and a 
process whereby the C content of the moulding is regulated. 
[0022] In the pre- treatment process, low molecular weight 
components other than the resin must be gradually removed 
at below the resin decomposition temperature, in order to 
obtain a degreased body with no defects or shape 
deformation. This is achieved by heating at a rate of from 
10 s C/hour to 100 s C/hour in an atmosphere of an inert gas 
such as air, nitrogen or argon, or of a reducing gas such 
as hydrogen. A vacuum may also be employed as the 
atmosphere. This pre-treatment preferably proceeds at no 
greater than 300 2 C. Furthermore, an extraction method may 
be employed, using some of the binder component as solvent. 
[0023] In order to regulate the C content of the moulding 
in the present invention, the part of the degreasing 
process that follows the pre-treatment is performed at from 
600 2 C to 1000 2 C, and at this time the degreasing proceeds 
in a closed heated furnace. 

[0024] Specifically, after the low molecular weight 
components have been removed, a reducing or inert gas is 
introduced, then gas introduction is stopped, after which 
the valve of the exhaust gas inlet pipe is closed and the 
inside of the heated furnace is closed. Preferably, after 
the introduction of reducing or inert gas has stopped, the 
inside of the heated furnace is closed when the pressure 
inside the heated furnace is no greater than 10 Torr. This 
is to suppress the pressure increase that occurs when the 
temperature is subsequently increased. After the heated 
furnace has been closed, the temperature is increased and 
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the resin is decomposed. The decomposition gas produced is 
used to increase the C content of the degreased body. 
[0025] Also, the same advantages of the present invention 
are achieved even if the temperature is increased to from 
600 to 1000 S C after the low molecular weight components 
have been removed, and then the inside of the heated 
furnace is closed by the same method. 

[002 6] The treatment temperature and treatment time are 
selected depending on the metal powder composition and 
powder properties, the type of binder and the C content 
increase required. The treatment temperature is preferably 
from 600 to 1000 2 C. If the treatment temperature is less 
than 600 2 C, the C content is not increased efficiently, and 
if it exceeds 1000 2 C, sintering of the powder is promoted 
and gas does not spread uniformly in the degreased body, 
resulting in non-uniform C content distribution, which is 
undesirable. Moreover, if sintering proceeds, the 
decomposition gas becomes trapped in the degreased body, 
which adversely affects the properties of the sintered 
body. The treatment temperature is therefore from 600 to 
1000 S C, preferably from 700 to 900 e C. 

[0027] The sintering process may proceed after completion 
of the degreasing process, in the same furnace, or the 
degreased body may be taken from the degreasing furnace, 
and the subsequent sintering process may be performed in a 
different furnace. When the same furnace is used, it is 
preferable to exhaust the inside of the furnace then 
increase the temperature. The sintering involves keeping 
the system at from 800 2 C to 2000 2 C for from 10 minutes to 6 
hours; the sintering conditions and sintering atmosphere 
are selected as appropriate depending on the metal powder 
material and the properties of the powder. 
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[0028] 

[Working examples ] 
Working example 1 

Water-atomised powder of SUS 316 composition having an 
average particle diameter of 8.5 pm, a C content of 0.03 
wt% and an 0 content of 0.70 wt% was prepared. A compound 
for injection moulding was produced by adding 10 parts by 
weight of binder, comprising 40 wt% polyethylene, 10 wt% 
polybutyl methacrylate , 30 wt% paraffin wax and 20 wt% 
dibutyl phthalate, to 100 parts by weight of the metal 
powder, and mixing using a pressure kneader . This compound 
was moulded into 4 mm x 10 mm x 50 mm parallelepiped test 
samples using an injection moulder. 

[0029] The test samples (mouldings) were degreased and 
sintered as follows. The degreasing pre-treatment process 
involved increasing the temperature from room temperature 
to 250 2 C over a period of 40 hours in a nitrogen atmosphere 
to remove most of the paraffin wax and dibutyl phthalate. 
The introduction of nitrogen was then stopped, the valve on 
the exhaust gas side was closed, the pressure inside the 
furnace was decreased to 1 Torr using a rotary pump via a 
separate pipeline system, and the furnace was closed. 
Degreased bodies for inventive examples 1 to 6 were 
prepared by varying the maximum degreasing treatment 
temperature between 550 2 C and 1050 S C. Specifically, the 
temperature was increased to the maximum temperature over a 
period of 1 hour, the temperature was then kept at the 
maximum temperature for the respective inventive example 
for 1 hour, then the inside of the furnace was exhausted 
and cooled, to yield the degreased body. The C content 
analysis results for the degreased bodies obtained on 
varying the maximum temperature between 550 fi C and 1050 2 C 
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are shown in Table 1. The higher the temperature, the 
greater the degreased body C content, due to the 
carburising effect of the decomposition gas produced from 
the organic binder. From 0.30 to 0.45% is a suitable C 
content for removing the oxygen from the powder, during 
sintering, by reduction reaction due to the C present, and 
the resulting sintered body also has desirable properties 
(C: 0 to 0.05%, O: 0 to 0.30%). Here, the sample obtained 
by degreasing under conditions such that the maximum 
temperature was 850 S C (inventive example 4) was used for 
Working example 1, and the sintered body was appraised. 
[0030] Sintering was performed, in a vacuum, by increasing 
the temperature to 1320 2 C at 10 fi C/minute, maintaining that 
temperature for 2 hours, then cooling. The resulting 
sintered body was used as the sintered body for Working 
example 1. To appraise the sintered body, the length and 
width dimensions were measured, and C and O chemical 
analyses were performed. The results are shown in Table 2. 
When a degreased body obtained at a maximum degreasing 
temperature greater than 1000 fi C was sintered, the sintered 
body C content was high and the sintered body was 
undesirable. When the degreasing temperature was less than 
600 2 C, there was no lowering of the sintered body O 
content, and again the sintered body was undesirable. 
[0031] Comparative example 1 

The water-atomised powder of SUS 316 composition used in 
Working example 1 was mixed and moulded as in Working 
example 1, except that powder with 0.35 wt% graphite powder 
added was used as the starting material powder. Degreasing 
was performed under a current of nitrogen and involved 
increasing the temperature from room temperature to 2 50 2 C 
over a period of 40 hours, increasing the temperature to 
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500 2 C over a period of 1 hour, then keeping the temperature 
at 500 2 C for 1 hour. The degreasing process was performed 
under a current of nitrogen, with nitrogen flowing 
throughout. Sintering was performed as in Working example 
1, and the resulting sintered body was appraised. 
[0032] Comparative example 2 

A sintered body was produced according to the same 
processes as in Working example 1, using the water-atomised 
powder of SUS 316 composition with graphite added that was 
used in Comparative example 1, and the resulting sintered 
body was appraised. 
[0033] Comparative example 3 

A sintered body was produced according to the same 
processes as in Working example 1, using exactly the same 
compound for injection moulding as used in Working example 
1, except that the degreasing was performed under a current 
of nitrogen with nitrogen flowing throughout; the resulting 
sintered body was appraised. 

[0034] The appraisal results for the sintered bodies of 
Working example 1 and Comparative examples 1 and 2 are 
shown in Table 2 . 

[0035] In Working example 1, the degreasing process was 
performed according to the present invention, and so C 
increased after degreasing and the properties of the 
sintered body were desirable. In Comparative example 1, a 
sintered body was produced, with graphite powder added to 
the starting material powder for the same purpose. The 
properties were desirable, as with Working example 1, but 
the dimensional accuracy was poorer, in that the difference 
between the shrinkage rate in the length direction and that 
in the width direction was 2.5%, much greater than the 0.5% 
seen with Working example 1. In Comparative example 2, the 
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degreased body C content was excessive and a sintered body 
with desirable properties was not obtained. Moreover, the 
difference between the shrinkage rate in the length 
direction and that in the width direction was 3.2%, and the 
dimensional accuracy was poor. In Comparative example 3, 
the degreasing process of Working example 1 was performed 
under a current of nitrogen throughout and so there was 
little C increase during the degreasing process, the 0 
content in the sintered body increased and a desirable 
sintered body was not obtained. 

[0036] 

[Table 1] 
Table 1 





Inventive 
example 1 


Inventive 
example 2 


Inventive 
example 3 


Inventive 
example 4 
(Working 
example 1) 


Inventive 
example 5 


Inventive 
example 6 


Maximum 
degreasing 
temp ( a C) 


550 


600 


750 


850 


1000 


1050 


Degreased 
body C 
content 
(weight%) 


0.15 


0.30 


0.33 


0.40 


0.45 


0.95 


Sintered 
body C 
content 
(weight%) 


0.01 


0.01 


0.02 


0.03 


0.05 


0.15 


Sintered 
body 0 
content 
(weight%) 


0.55 


0.30 


0.25 


0.23 


0.18 


0.08 
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[0037] 
[Table 2] 
Table 2 





Sintered 

body 
density 
(%) 


Decreased 
body C 
content 

(weight%) 


Sintered 
body C 
content 
(weight%) 


Sintered 
body O 
content 
(weight%) 


Difference in 
length and 

width 
shrinkage 
rates (%) 


Working 
example 1 


97.7 


0.40 


0.03 


0.23 


0.5 


Comparative 
example 1 


97.5 


0.38 


0.02 


0.24 


2.5 


Comparative 
example 2 


95.2 


0.85 


0.17 


0.10 


3.2 


Comparative 
example 3 


96.4 


0.10 


0.01 


0.55 


0.7 



[0038] Working example 2 

Iron carbonyl powder and nickel carbonyl powder were used 
as starting materials to prepare a mixed powder of an Fe- 
4%Ni composition. The mixed powder had an average particle 
diameter of 5.5 jam, a C content of 0.05 wt% and an O 
content of 0.25 wt% . 9 parts by weight of organic binder of 
the same composition as that used in Working example 1 were 
added to the mixed powder, then mixing, moulding, 
degreasing and sintering were performed as in Working 
example 1, and the sintered body was appraised. 
[0039] Comparative example 4 

Mixing and moulding were performed as in Working example 2 , 
except that 0.5 wt% of graphite powder was added to the Fe- 
4%Ni composition mixed powder used in Working example 2. 
Degreasing was performed under a current of nitrogen and 
involved increasing the temperature from room temperature 
to 250 fi C over a period of 40 hours, increasing the 
temperature to 500 2 C over a period of 1 hour, then keeping 
the temperature at 500 S C for 1 hour. The degreasing process 
was performed under a current of nitrogen with nitrogen 
flowing throughout. The sintering was performed as in 
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Working example 1, and the degreased body and sintered body 
were appraised. 

[0040] The results of the appraisals of the sintered bodies 
of Working example 2 and Comparative example 3 [sic] are 
shown in Table 3 . 

[0041] It was possible to obtain sintered bodies of high- 
density and controlled C content both by the method of the 
present invention and by adding graphite. However, with the 
added graphite method there was. a large difference between 
the shrinkage rate in the length direction and that in the 
width direction, and the inventive sintered bodies had 
better dimensional accuracy. 



[0042] 
[Table 3] 
Table 3 





Sintered 

body- 
density 
(%) 


Degreased 
body C 
content 
(weight%) 


Sintered 
body C 
content 

(weight%) 


Sintered 
body O 
content 

(weight%) 


Difference in 
length and 

width 
shrinkage 
rates (%) 


Working 
example 2 


97.7 


0.67 


0.52 


0.002 


0.3 


Comparative 
exampl e 4 


97.4 


0. 65 


0.51 


0.002 


2.1 



[0043] 

[Advantages of the invention] With the production method of 
the present invention it is possible to appropriately 
regulate the post-degreasing C content and improve the 
dimensional accuracy of a sintered body by performing some 
of the metal powder injection moulding degreasing process 
at from 600 2 C to 1000 a C / and by performing the heat 
treatment at that time in a closed heated furnace. 
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Translator's note 

Japanese nouns can have several possible readings; common 
readings have been chosen throughout. 

It seems likely that in section [0005] , the term houhou, 
"method" , is a misprint and that houkou, "direction", was 
intended. 

It seems likely that in section [0040], "Comparative 
example 4" was intended. 
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